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CHANGES TO NUTRITION AND HEALTH OUTCOMES FOLLOWING 
IMPLEMENTATION OF THE 2012 USDA SCHOOL NUTRITION STANDARDS: 
ANALYSIS USING NHANES, 2005–2016 
JENNY JIA 
ABSTRACT 
Background In 2012, the Department of Agriculture overhauled school nutrition 
standards to combat the childhood obesity epidemic. No prior studies have 
evaluated these nutrition standards at the national level. This study evaluates the 
impact of the revised 2012 school nutrition standards on dietary and health 
outcomes of grade school children in a nationally-representative dataset. 
Methods We used a difference-in-differences model to analyze the effect of the 
2012 school nutrition standards in grade school students who participated in the 
National Health and Nutrition Examination Survey, 2006–2014. The primary 
outcome was change in 24-hour fruit and vegetable intake, which was derived from 
24-hour dietary recall data, and the secondary outcomes were 24-hour solid fats 
and added sugars (SoFAS) intake and overweight and obesity prevalence. 
Difference-in-differences estimates of outcomes incorporated the interaction 
between implementation of the 2012 school nutrition standards and school lunch 
participation status. Analyses were adjusted for age, gender, race/ethnicity, country 
of birth, and family socioeconomic factors. 
Results Our sample included 10,224 grade school students who ate school lunch 
five days per week or ate no school lunches each week. Implementation of the 2012 
 
 vi
school nutrition standards did not have a significant impact on fruit and vegetable 
intake (β= -0.03 cups, 95% CI: -0.22, 0.15) for students with daily school lunch 
participation relative to those with no school lunch participation. However, the 
policy was associated with an absolute decline in SoFAS of 1.2% of total daily 
calories (95% CI: -2.4, 0.0). No changes were identified in overweight and obesity 
prevalence (β= -5.1%, 95% CI: -11.1, 1.0).    
Conclusions Changes to school nutrition standards were associated with reductions 
in consumption of empty calories in children who eat school lunch. However, these 
policy changes have not demonstrated improvements in intake of healthy fruits and 
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 Over the past half-century, rates of childhood obesity have tripled in the 
United States.1 In the midst of this childhood obesity epidemic, the Healthy, Hunger-
Free Kids Act (HHFKA) was passed in 2010 to address both childhood obesity and 
food insecurity in the U.S.2 This Act included a mandate for the U.S. Department of 
Agriculture (USDA) to overhaul the nutrition standards for school meals, a feat that 
last occurred in 1995. The Institute of Medicine (IOM) found that the 1995 school 
nutrition standards were not aligned with the contemporaneous Dietary Guidelines 
for Americans (DGA) in that intake of fruits, vegetables, and whole grains were 
lower than recommended, and that students were deriving a higher than 
recommended percentage of calories from added sugars and saturated fats.3 The 
IOM’s recommendations, which were grounded in the DGA 2010, helped shape the 
latest 2012 school nutrition standards that notably increased fruit and vegetable 
requirements, set maximum calorie limits per meal for the first time, and restricted 





Figure 1. New 2012 USDA school nutrition standards compared to previous 1995 
school nutrition standards 
 
Since implementation of the 2012 school nutrition standards in the 2012–
2013 school year, studies have examined its impact on fruit and vegetable selection 
and consumption, food waste, nutritional profile of meals, and participation in the 
National School Lunch Program (NSLP). Multiple survey studies of school 
administrators and food service workers showed improvements in the nutritional 
value of school meal options.5-7 Several studies showed no statistically significant 
change in NSLP participation despite initial concerns of declining participation in 
response to the changes in school meals.7-10 In field studies at school cafeterias, 
students increased fruit selection by 20%,9 and vegetable consumption by 16-
20%.9,11 These findings are supported by a nationally-representative cross-sectional 




which showed that Healthy Eating Index scores of lunch-specific dietary intake of 
fruits and vegetables was significantly higher in students eating NSLP school 
lunches compared to those who did not eat NLSP school lunches.12 However, studies 
are mixed with regards to whether or not gains in fruit and vegetable selection and 
consumption were mitigated by increased food waste.9,11,13-16  
 Most prior studies of the 2012 school nutrition standards have occurred at 
the school or district level, precluding conclusions generalizable to the greater U.S. 
population.17,18 Thus, we conducted a secondary data analysis of nationally-
representative repeated cross-sectional data using a differences-in-differences 
model to study whether the 2012 school nutrition standards were associated with 
changes in (1) fruit and vegetable intake, (2) solid fats and added sugars (SoFAS) 
intake, and (3) overweight and obesity prevalence in children participating in the 






Study Design and Data Collection 
 
 We conducted a secondary analysis using data from the National Health and 
Nutrition Examination Survey (NHANES) from 2005–2016. NHANES is an annual 
nationally-representative survey examining health and nutritional status of U.S. 
adults and children. Data are released in two-year cycles. Further details on 
sampling and data collection methods for NHANES are reported elsewhere.19  
We included NHANES data from demographic and dietary behavior 
questionnaires, the medical exam, and dietary recalls. Demographic and 
questionnaire data is primarily collected by trained NHANES staff through direct 
interviews at the sample person’s home. The sample person attends a scheduled 
medical exam at a later date in the NHANES Medical Exam Center where study staff 
measure many clinical variables, including height and weight, laboratory measures, 
and other studies. The first 24-hour dietary recall is also performed at the medical 
exam with a trained dietary interviewer, who uses the Automated Multiple Pass 
Method, a computer-assisted five-step multiple pass process with standardized 
probes. Participants report on their dietary intake from 12:00 AM the day prior to 
12:00 AM of the recall day. Children aged six to 11 years old undergo the dietary 
recall with a reference person, generally a parent, while children 12 years or older 
are interviewed alone. Dietary interviewers then call the sample person again three 
to 10 days after the medical exam to conduct a second 24-hour dietary recall over 




In addition to dietary data from NHANES, we used data from the Food 
Patterns Equivalents Database to analyze intake of fruits, vegetables, solid fats, and 
added sugars for the study period. The Food Patterns Equivalents Database, a 
collaborator effort of the USDA’s Agricultural Research Service and Food Surveys 
Research Group, converts food item codes from the NHANES 24-hour dietary recall 
data into the 37 USDA food groups, which are expressed as cup equivalents for fruits 
and vegetables, gram equivalents for solid fats, and teaspoon equivalents for added 
sugars.20 
Study Sample 
Eligible subjects were children attending a grade school that serves daily, 
fixed-price, in-house school meals who participated in NHANES from 2005 to 2016. 
We excluded individuals less than 72 months old as their dietary recall data in 
NHANES was primarily reported by proxy and individuals who reported consuming 
only one to four school lunches per week. Those who reported being on medical 






Exposures and Outcomes 
Using the question “During the school year, about how many times a week do 
you/does [sample person] SP usually get a complete school lunch?” from the Diet, 
Behavior, and Nutrition questionnaire, we classified those who responded that they 
usually ate school lunch five times weekly as NSLP participants (exposed) and those 
who responded that they usually ate no school lunches weekly as non-NSLP 
participants (unexposed).  
With respect to the implementation of the 2012 school nutrition standards, 
henceforth referred to as the “intervention,” we classified subjects responding to 
NHANES surveys from 2005-2010 as pre-intervention and subjects from 2013-2016 
onward as post-intervention. Because NHANES releases its data in two-year cycles 
but withholds specific month and year of data collection for each subject, we 
categorized respondents from the 2011 to 2012 NHANES survey as being in a 
transition period as we were not able to distinguish those who were surveyed 
before the start of the 2012–2013 school year from those who were surveyed 
during the school year within the 2011–2012 data cycle when the intervention was 
implemented.  
The primary outcome was 24-hour fruit and vegetable intake, expressed in 
cup equivalents. Subjects with two days of dietary recall data had their fruit and 
vegetable intakes averaged, and we top-coded fruit and vegetable intakes above the 
99th percentile to the 99th percentile value to reduce implausible values. Secondary 




SoFAS, and overweight and obesity prevalence. The body mass index (BMI) of each 
sample person is reported by NHANES using the height and weight measurements 
from medical exam data. We used conventional BMI-for-age percentiles to classify 
subjects as underweight, normal weight, overweight, or obese.21  
We identified potential confounders a priori based on the previous literature 
and conceptualization of common causes of school lunch participation and our study 
outcomes. Covariates from NHANES included age, sex, race/ethnicity, country of 
birth and marital status of the household reference person, household education 
level, family income as a percentage of the federal poverty level (FPL), and TV and 
computer screen time. No measure of physical activity was consistently measured in 
NHANES survey cycles 2005 to 2016 for our target population. NHANES defines the 
reference person as “the first household member 18 years of age or older listed on 
the household member roster, who owns or rents the residence where members of 
the household reside.”22 Reference person data is commonly used to characterize 
household socioeconomic status for survey subjects. Household education level was 
the higher of education levels of the household reference person and his/her 
spouse. Family income as a percentage of FPL was categorized into three levels: less 






We calculated survey-weighted mean fruit and vegetable intake, mean SoFAS 
intake, and overweight and obesity prevalence in NSLP participants and non-
participants adjusted for the previously mentioned covariates for each of the 
NHANES two-year data cycles. We plotted mean values with error bars to visualize 
trends over the study period between NSLP participants and non-participants. 
We conducted a difference-in-differences analysis to estimate the impact of 
the intervention. We used a linear regression model for each outcome, including 
variables for school lunch participation, intervention period, transition period, and 
the interaction of school lunch participation and the intervention. The parameter 
estimate for the interaction term was the difference-in-differences estimate that 
estimates the absolute effect of the 2012 school nutrition standards for each 
outcome.  
We also constructed a multiple linear regression model that adjusted for 
potential confounders. We examined the difference between the adjusted estimate 
and the crude estimate for each potential covariate, and each variable that resulted 
in change of more than 10% was included in the regression model. In our sample, 
25.7% of subjects had missing data on at least one covariate, and we used multiple 
imputation to generate plausible values for missing covariate data. The variables 
with the highest proportions of missing data were screen time (14.0%), family 
income (4.6%), reference person marital status (1.9%), and 1.25% of subjects were 




generated adjusted estimates for each of the imputed datasets. We combined effect 
estimates and standard errors from each imputed dataset. 
To further isolate the effects of school meals in our study sample, we 
considered stratified analysis of our primary outcome by 1.) categorical family 
income as a percent of FPL, which has been shown to modulate school lunch 
participation,10 2.) race/ethnicity, which is known to be correlated with dietary 
differences, and 3.) grade school, as students gain more autonomy to select and 
decline school lunch items in middle and high school.4 We defined grade school as 
follows: kindergarten to fifth grade as elementary school, sixth to eighth grade as 
middle school, and ninth to twelfth grade as high school. For each case, we 
estimated an extension of the above model wherein difference-in-differences were 
compared across the stratified groups (i.e., by including three-way interactions). We 
conducted stratified analyses if the p value for three-way interaction term 
(intervention*school lunch exposure*stratifying variable) was significant at α = 
0.10.  
All analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC), 








 From 2005 to 2016, NHANES surveyed 15,189 children who attended grade 
school serving daily in-house lunch at fixed prices. We excluded 1,555 individuals 
who were younger than 72 months old or on a medical diet and 2,369 individuals 
who participated in school lunch one to four times per week (Figure 2). We also 
excluded 1,041 individuals who were missing data on the outcomes under study; 
most were missing dietary recall data. A table comparing observed characteristics 
between individuals with complete data and individuals missing data on outcomes 
is included in Appendix 1. Children who were excluded due to missing data were 
generally younger, non-white, and attended elementary school. The final sample 








Figure 2. Consort table of study subjects 
NHANES participants in grade schools 
serving in-house lunch, 2005-2016 
(n= 15,189) 1,522 with age<72 months old 
19 on diabetic diet 
1 on renal diet 
13 on celiac diet 
2,369 who ate school lunch 1-4 times per 
week 




981 missing dietary data 




Table 1 displays individual and household characteristics by NSLP 
participants and non-participants. On average, NSLP participants were younger, 
more likely to be male, and had higher proportions of non-Hispanic Black and 
Hispanic individuals than non-participants. Both groups generally spent an average 
of 3.2 hours per day using a TV or computer. At the household level, 41 percent of 
NSLP participants were below 130 percent of the FPL, compared to 12 percent of 
non-participants. Of note, families below 130 percent of the FPL are eligible for free 
school meals. In addition, another 14 percent of NSLP participants were between 
130 and 185 percent of the FPL, which is the threshold for reduced-price lunch, 
compared to 9 percent of non-participants. NSLP participants were also less likely to 
live in a household with two adults and more likely to have a foreign-born reference 
person than non-participants. In 24 percent of NSLP participant households, the 






Table 1. Subject characteristics by national school lunch program (NSLP) 
participation status. 
 
n = 10224 
NSLP participantsa 
(n = 8,332) 
Weighted percentage (se) 
Non-participantsa 
(n = 1,892) 
Weighted percentage (se) 
Age in years, mean (se) 12.0 (0.1) 13.8 (0.1) 
Males 54.1% (0.8%) 44.9% (1.5%) 
    
Grade school level   
  Elementary  52.0% (0.9%) 31.7% (1.5%) 
  Middle 27.8% (0.6%) 24.5% (1.4%) 
  High  20.2% (0.7%) 43.8% (1.8%) 
   
Born in US  93.1% (0.5%) 95.1% (0.6%) 
   
Race/ethnicity   
  Non-Hispanic White  47.6% (2.3%) 70.5% (1.8%) 
  Non-Hispanic Black 18.0% (1.3%) 8.7% (0.8%) 
  Hispanic  26.6% (1.9%) 11.5% (0.9%) 
  Other  7.8% (0.6%) 8.8% (1.0%) 
   
Daily screen time in 
hours, mean (se) 
3.2 (<0.1) 3.2 (<0.1) 
  Missing 1196 322 
   
Family incomeb    
  <130% FPL 41.5% (1.4%) 12.3% (1.0%) 
  130-185% FPL 13.6% (0.6%) 8.6% (0.9%) 
  >185% FPL 44.9% (1.5%) 79.2% (1.3%) 
Family reference person   
  Born in US  75.4% (1.4%) 83.5% (1.1%) 
  Married or living with    
  partner 
71.7% (0.9%) 80.4% (1.3%) 
  College graduate or   
  Higher (RP or spouse) 
23.6% (1.3%) 51.2% (2.0%) 
aNSLP participants were those receiving school lunch 5 days per week and non-participants 
were those not receiving school lunch on any days. 
bFamily income is expressed as a percentage of the federal poverty level (FPL), which accounts 





From 2005 to 2016, mean fruit and vegetable intake was relatively stable at 
approximately 2 cup equivalents for both NSLP participants and non-participants, 
though it was marginally lower in the NSLP group than the non-participant group 
(Figure 3). During the study period, SoFAS intake declined in both NSLP participants 
and non-participants to similar levels, though the NSLP group started with a higher 
baseline SoFAS intake (Figure 4). Concurrently, overweight and obesity prevalence 
gradually increased over the study period in both groups (Figure 5).  
 
Figure 3. Adjusted, survey-weighted mean 24-hour fruit and vegetable intake in cup 
equivalents with standard errors for NSLP participants and non-participants from 
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Figure 4. Adjusted, survey-weighted mean 24-hour SoFAS intake as a percentage of 
24-hour calorie intake with standard errors for NSLP participants and non-
participants from 2005 to 2016 
 
 
Figure 5. Adjusted, survey-weighted overweight and obesity prevalence with 











































































NSLP participants overweight Non-participants overweight
2005-2006 2007-2008 2009-2010 2011-2012 2013-2014 2015-2016 
Pre-intervention          Transition      Post-intervention 
Pre-intervention          Transition      Post-intervention 




 The crude effect estimate of the intervention on NSLP participants compared 
to non-participants showed a 0.01 cup (95% CI: -0.19, 0.21) absolute increase in 
fruit and vegetable intake (Table 2). In addition, there was an absolute reduction of 
1.4 percent (95% CI: -2.8, -0.1) in 24-hour calories from SoFAS attributable to the 
2012 school nutrition standards. The policy was also associated with an absolute 
decline in overweight and obesity prevalence of 3.0 percent (95% CI: -8.8, 2.8), 
primarily by slowing the rise in overweight and obesity in NSLP participants 
compared to non-participants. After adjusting for age, sex, ethnicity, daily screen 
time, reference person country of birth, reference person marital status, household 
education level, and % FPL, fruit and vegetable intake attributable to the 2012 
school nutrition standards decreased by 0.03 cups (95% CI: -0.22, 0.15; Table 2), 
and the reduction in SoFAS was slightly attenuated with an absolute reduction of 
1.2% (95% CI: -2.4, 0.0). The intervention was associated with an absolute -5.1% 
(95% CI: -11.1, 1.0) reduction in overweight and obesity prevalence after adjusting 
for confounders. 
Table 2. Difference-in-differences estimates of fruit and vegetable intake, SoFAS, 
and overweight and obesity prevalence with 95% confidence intervals 
 
n = 10,224 Crude estimates (95% CI) Adjusted estimates (95% CI) 
Fruit and vegetable 
intake in cup equivalents 
0.01 cups (-0.19, 0.21) -0.03 cups (-0.22, 0.15) 
SoFAS as % of 24-hour 
calories 
-1.4% (-2.8, -0.1) -1.2% (-2.4, 0.0) 
Overweight & obesity 
prevalence 
-3.0% (-8.8, 2.8) -5.1% (-11.1, 1.0) 
*adjusted for age, gender, race/ethnicity, daily screen time, reference person country of birth, 






 Three-way interactions between the intervention, school lunch exposure, 
and family income level and between the intervention, school lunch exposure, and 
grade school did not yield estimates with p values <0.10, and we did not further 
stratify the data by those variables. However, the estimate of the three-way 
interaction between the intervention, school lunch exposure and race/ethnicity was 
associated with a p value of 0.07, and so we conducted a stratified analysis by 
race/ethnicity. The difference-in-differences estimate for fruit and vegetable intake 
in non-Hispanic Black students showed an absolute increase of 0.18 cups (95% CI: 
0.03, 0.33; Table 3) of fruit and vegetable intake attributable to the intervention. 
Estimates for non-Hispanic White, Hispanic, and Other race/ethnicity students did 
not show changes in fruit and vegetable intake.  
Table 3. Difference-in-differences estimates of fruit and vegetable intake stratified 
by race/ethnicity with 95% confidence intervals 
 
n = 10,224 Crude F&V (95% CI) Adjusted F&V (95%CI) 
Non-Hispanic White 0.05 cups (-0.22, 0.31) -0.01 cups (-0.27, 0.25) 
Non-Hispanic Black 0.14 cups (0.00, 0.28) 0.18 cups (0.03, 0.33) 
Hispanic -0.15 cups (-0.35, 0.04) -0.18 cups (-0.38, 0.01) 








 This study is the first to our knowledge that uses national-level data to 
evaluate the effects of revised school nutrition standards implemented in the 
National School Lunch Program in 2012. Despite suggestions from cafeteria studies 
that fruit and vegetable intake increased during lunch, our findings found that new 
2012 school nutrition standards did not change daily fruit and vegetable intake. This 
finding suggests that increasing availability and mandatory selection of fruit and 
vegetable in school lunch alone may not translate to increased total dietary fruit and 
vegetable intake. Alternatively, it is possible that 24-hour dietary recall data were 
not precise enough to detect the increases in fruit and vegetable intake reported in 
cafeteria studies, or too episodic to capture general changes in fruit and vegetable 
intake, especially relative to the total quantity of fruit and vegetables eaten 
throughout the day.  
However, our analyses found that SoFAS intake did decrease after 
implementation of 2012 school nutrition standards, even after adjusting for 
multiple confounding factors. School nutrition standards that could be linked to this 
decline were the maximum calorie limits established for school meals and limitation 
of added sugars in milk to only non-fat milk.1 The DGA 2015 recommends less than 
10 percent of calories per day from added sugars as well as from saturated fat;23 
neither group met a threshold of less than 20 percent calories per day from SoFAS. 
                                                        
1 Since the end of the study period, the current USDA administration has relaxed flavored milk 




This suggests that policies that limit empty calories are associated with declines in 
the respective dietary component.  
We did not see changes in overweight and obesity prevalence following 
implementation of 2012 school nutrition standards. Changes to overweight and 
obesity rates occur slowly, and it is possible that a longer follow up period is 
necessary to demonstrate change at the national level. In addition, childhood 
obesity is complex and may require interventions on multiple fronts to affect the 
current upward trend.  
Overall, our study suggests that policies, such as the school nutrition 
standards, can be effective in reducing unhealthy components of children’s diets. 
However, mandating increased exposure or selection of healthier foods does not 
necessarily lead to increased consumption of those foods. One difference between 
promotion of healthy behaviors and limitation of unhealthy behaviors that could 
account for the differential results is that promotion requires more action on the 
part of the individual while limitation is more passive. Some school administrators 
have found implementation of the 2012 school nutrition standards in their 
cafeterias more challenging than others, with administrators from rural 
communities perceiving lower student participation and consumption while those 
at socioeconomically disadvantaged schools perceive improvements in both 
domains.24 School districts that have found success with making vegetables more 
palatable to students augment the school nutrition standards with strategies such as 




participation (e.g. meal feedback, taste tests, education).25 Policies requiring 
exposure to and selection of healthy foods in isolation may not realize the intentions 
of those policies in children.  
 A limitation of our study is that NHANES is an annual cross-sectional survey, 
therefore effects do not represent changes among the same individuals over time. In 
addition, underreporting is common in dietary studies, though for the primary 
outcome, it would most likely manifest in this study as nondifferential 
misclassification of the outcome, which generally does not bias results. There also 
may be residual confounding due to unmeasured confounders between the 
compared groups, including physical activity level, free/reduced-price school meal 
status, and school and community environmental factors, such as rural versus urban 
school setting. In addition, prior literature shows that some states had preemptively 
implemented healthier meal requirements before the 2012–2013 school year.26 As 
NHANES does not release the names of the surveyed counties, we do not know 
whether a sampled county had early implementation of meal requirements that 
more closely follows the 2012 school nutrition standards. This issue most likely led 
to non-differential misclassification of the intervention, which likely biased our 






 Implementation of the new 2012 school nutrition standards was associated 
with decreases in empty calories but not increases in fruit and vegetable 
consumption. This suggests that policies that limit consumption of unhealthy foods 
in school meals can have a favorable broad effect, but promoting healthy behaviors 
in grade school students requires more than the increased presence of healthy foods 
in the school environment. In addition, we found that prevalence of overweight and 
obesity did not change after policy implementation. However, national trends in 
overweight and obesity may take several years to change after an intervention. 
Further study of these trends with respect to the 2012 school nutrition standards 
should continue as new data become available to better understand whether school 










(n = 10,224) 
Weighted percentage (se) 
Non-subjects 
(n = 1,041) 
Weighted percentage (se) 
Age in years, mean (se) 12.4 (<0.1) 11.1 (0.1) 
Males 51.8% (0.7%) 46.8% (2.1%) 
    
Grade school level   
  Elementary  46.9% (0.7%) 67.2% (2.2%) 
  Middle 27.0% (0.5%) 19.4% (1.7%) 
  High  26.1% (0.6%) 13.4% (1.4%) 
   
Born in US  93.6% (0.4%) 91.2% (1.0%) 
   
Ethnicity   
  Non-Hispanic White  53.3% (1.9%) 45.7% (3.6%) 
  Non-Hispanic Black 15.7% (1.1%) 17.4% (1.8%) 
  Hispanic  22.9% (1.6%) 24.4% (2.3%) 
  Other  8.2% (0.5%) 12.5% (1.6%) 
   
Daily screen time in 
hours, mean (se) 
3.2 (<0.1) 3.1 (0.1) 
   
Family income2    
  <130% FPL 34.3% (1.3%) 39.9% (2.3%) 
  130-185% FPL 12.3% (0.6%) 11.6% (1.5%) 
  >185% FPL 53.4% (1.4%) 48.5% (2.8%) 
Family reference person   
  Born in US  77.3% (1.2%) 69.5% (2.5%) 
  Married or living with    
  partner 
73.8% (0.8%) 72.4% (1.7%) 
  College graduate or   
  Higher (RP or spouse) 
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